Poly (lactic-co-glycolic acid) nanospheres allow for high l-asparaginase encapsulation yield and activity by Brito, Anna Emmanuela Medeiros de et al.
1.1	Introduction
The	enzyme	L-asparaginase	(ASNase)	 is	a	key	chemotherapeutic	agent	 for	the	treatment	of	acute	 lymphoblastic	 leukemia	(ALL)	and	other	hematopoietic	malignancies	[1].	ASNase	 is	an	amidohydrolase	belonging	to	the	N-
terminal	nucleophile	 family,	which	requires	autocleavage	between	Gly167	and	Thr168	to	become	catalytically	competent.	This	behavior	differentiates	 it	 from	other	similar	enzymes,	 in	which	the	serine	residue	acts	as	 the	primary


















L-Asparaginase	(ASNase)	 is	an	amidohydrolase	used	as	a	chemotherapeutic	agent	 for	 the	 treatment	of	acute	 lymphoblastic	 leukemia	 (ALL).	The	nanoencapsulation	of	 this	enzyme	 is	strategic	 to	avoid	 its	 immediate
immunogenic	effects	that	lead	to	a	decrease	in	the	enzyme	half-life.	In	this	work,	ASNase-containing	nanoparticles	(NPs)	were	prepared	by	double	emulsification,	through	an	ultrasonic	sonicator	or	an	Ultra-Turrax,	using	two
copolymers	of	50:50	(w/w)	poly	(lactic-co-glycolic	acid)	(PLGA)	with	different	ranges	of	molecular	weight	(24‐–38 kDa	and	30‐–60 kDa)	and	varying	the	concentration	of	polyvinyl	alcohol	(PVA)	as	a	stabilizer	(0.5,	1.0,	1.5	and

























Table	1	 shows	 the	variables	analyzed	 for	NPs	preparation	by	 the	water-in-oil-in-water	 solvent	evaporation	 technique.	Briefly,	250 μl	of	0.1 M	phosphate	buffered	 saline	 (PBS),	 pH 7.4,	was	emulsified	 in	2.5 ml	of	chloroform







Systema PVA	concentration	(%) Emulsification	technique Time	of	3-cycle	homogenization	(s)
1 0.5 US	Cb 30
2 0.5 US	Cb 60
3 1.0 US	Cb 30
4 1.0 US	Cb 60
5 1.5 US	Cb 30
6 1.5 US	Cb 60
7 2.0 US	Cb 30
8 2.0 US	Cb 60
9 0.5 U-T	Dc 30
10 0.5 U-T	Dc 60
11 1.0 U-T	Dc 30
12 1.0 U-T	Dc 60
13 1.5 U-T	Dc 30
14 1.5 U-T	Dc 60
15 2.0 U-T	Dc 30






analysis,	 samples	were	prepared	without	 filtration	 (to	ensure	 that	 large	populations	were	not	discarded)	and	1:100	diluted	 in	PBS.	The	polydispersity	 index	 (PDI)	was	obtained	 from	the	correlation	 function	by	using	a	cumulative












ASNase	activity	was	measured	according	 to	 the	Nessler	method,	by	determining	 the	quantity	 of	 ammonia	 released	 from	Asn	hydrolysis	 catalyzed	by	 this	 amidohydrolase.	The	 reaction	was	performed	 in	 two	 steps.	Tubes
containing	500 μl	of	50 mM	Tris–HCl	(pH 8.8),	450 μl	of	water,	50 μl	of	189 mM	Asn	and	50 μl	of	enzyme	solution	were	first	incubated	at	37 °C	for	30 min.	After	stopping	the	reaction	with	50 μl	of	1.5 M	trichloroacetic	acid	(TCA),	100 μl-



















where	M∞	 is	 the	 absolute	 cumulative	 amount	 of	 enzyme	 released	 at	 infinite	 time	 that	 should	 be	 equal	 to	M0	 in	Eq.	 (3),	Mt/M∞	 the	 fraction	 of	 enzyme	 released	 at	 time	 t	 (h),	 and	 k1	 the	 first-order	 kinetic	 constant	 (h‐−1)	 [16].	 This
kinetic	constant	was	estimated	as	the	slope	of	the	straight	line	obtained	plotting	the	log10	of	the	Percent	Cumulative	Retention	of	the	enzyme	versus	time.
The	Korsmeyer-Peppas	model	is	expressed	by	the	equation	(Korsmeyer	et	al.	1983):










where	kH	 is	 the	Higuchi	constant	 that	depends	on	 the	diffusion	coefficient,	 the	enzyme	solubility	 in	 the	dissolution	medium,	 the	porosity,	and	 the	enzyme	concentration	 in	 the	NP.	This	kinetic	constant	was	estimated	as	 the	slope
of	the	straight	line	obtained	by	plotting	the	Percent	Cumulative	Release	of	the	enzyme	versus	the	square	root	of	time.


















HDI	(nm) HDN	(nm) HDI	(nm) HDN	(nm)
1 n.d.b n.d. n.d. n.d.
2 n.d. n.d. n.d. n.d.
3 n.d. n.d. n.d. n.d.





5 808	(100%) 627	(100%) n.d. n.d.
6
615	(99.1%), 131	(20.1%), 485	(99.5%), 548	(92%),
147	(0.6%),	5288	(0.3%) 486	(79.9%) 4831	(0.4%) 5078	(8.0%)
7 697	(99.2%),	5513	(0.8%) 619	(100%) n.d. n.d.
8 608	(100%) 510	(100%) 593	(99.2%),	5262	(0.8%) 690	(85.9%),	154	(1.1%)
9 n.d. n.d. n.d. n.d.
10 n.d. n.d. n.d. n.d.
11 n.d. n.d. n.d. n.d.
12
1023	(89.5%), 1173	(46%), 678	(100%) 648	(100%)
5105	(8.4%),	277	(2.1%) 5390	(53.6%),	276	(0.4%)
13 n.d. n.d. n.d. n.d.
14
1234	(78.3%),	5330	(19.1	%), 1432	(30.5%),	5446	(45.6%), 670	(72.7%),	1262	(27.3%) 646	(71.3%),	174	(28.7%)
324	(2.6	%) 350.8	(0.7%)
15 n.d. n.d. n.d. n.d.
16


























































Model R2a Radj2b AICc
Zero-order 0.845 0.812 46.63
First-order 0.860 0.841 ‐−43.49
Higuchi 0.961 0.956 33.55






































































indicates	 a	 pseudo-Fickian	 diffusion	 behavior	where	 sorption	 curves	 resemble	 Fickian	 curves,	 but	 the	 approach	 to	 final	 equilibrium	 is	 very	 slow	 [32].	 According	 to	 Albisa	 et	 al.	 [33],	 pseudo-Fickian	 behavior	 predominates	when
additional	effects	of	swelling,	erosion,	degradation,	stresses,	structural	changes	and	relaxation	of	the	material	are	present.
This	result	can	be	explained	by	the	porosity	of	nanospheres,	which	may	have	enabled	the	diffusion	process	allowing	water	to	penetrate	into	the	system	forcing	the	protein	to	diffuse	out	to	the	dissolution	medium	[34].	However,
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